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Background: Liver toxicity during immune checkpoint inhibitor treatment is mostly due to immune mediated hepatitis. Viral hepatitis, as well as auto-immune or metabolic hepatitis, are considered as exclusion criteria for ICI induced immune hepatitis diagnosis. However, considering the high prevalence of viral hepatitis B infection and the increasing prescription of immune checkpoint inhibitors, their use in patients with HBV chronic viral infection may be common, even more if patients are treated for hepatocellular carcinoma. Few clinical studies directly deal with the risk of HBV reactivation during ICI therapy and real-life data is currently based on five reported cases of HBV reactivation, one with fatal outcome.

In this review, we summarize the current available clinical information about HBV reactivation risk during ICI treatment, its hypothetic mechanism, and propose practical recommendations about verifying and monitoring HBV status throughout the treatment.

Introduction

Immune checkpoint inhibitors (ICI) targeting programmed cell death protein 1 (PD-1)/PD ligand 1 (PD-L1) and cytotoxic T lymphocyte antigen 4 (CTLA-4) now have an essential place in the treatment of many cancers. Liver related adverse events (AE) may occur in 2 to 30% of patients with a typical pattern of hepatocellular injury, although cholestasis or hepatocellular followed by mixed injury are also possible [START_REF] Jennings | Hepatotoxicity induced by immune checkpoint inhibitors: a comprehensive review including current and alternative management strategies[END_REF] . The mechanism is generally an immune mechanism [START_REF] Lleo | Hepatotoxicity of immune check point inhibitors: Approach and management[END_REF] , resulting from immune related T-cell activation, leading to secretion of T4 helper cell cytokines and cytolytic CD8 T-cell tissue infiltration. ICI-induced immune mediated hepatitis (ICI-IMH) may rarely have fatal outcome [START_REF] Wang | Fatal Toxic Effects Associated With Immune Checkpoint Inhibitors: A Systematic Review and Meta-analysis[END_REF] .

Viral hepatitis, as well as auto-immune or metabolic hepatitis are considered as exclusion criteria for the diagnosis of ICI-IMH [START_REF] De Martin | Characterization of liver injury induced by cancer immunotherapy using immune checkpoint inhibitors[END_REF][START_REF] Hsu | Workup and Management of Immune-Mediated Hepatobiliary Pancreatic Toxicities That Develop During Immune Checkpoint Inhibitor Treatment[END_REF] . However, viral hepatitis reactivation remains a real issue during ICI treatment, even more since hepatocellular carcinoma (HCC) is becoming a new area for ICIs [START_REF] Lleo | Hepatotoxicity of immune check point inhibitors: Approach and management[END_REF][START_REF] El-Khoueiry | Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040): an open-label, non-comparative, phase 1/2 dose escalation and expansion trial[END_REF] . Therefore, it is important to have the knowledge of prior hepatitis B virus (HBV) or hepatitis C virus (HCV) exposure at the start of treatment and to assess current serologic and/or viral load status.

As we recently observed a fatal case of fulminant viral hepatitis B (HBV) reactivation occurring after an unique durvalumab infusion, an anti-PD-L1 monoclonal antibody, we aim to provide here an overview about current available clinical information from studies and real life setting about the risk of HBV reactivation during ICI treatment.

Search strategy and selection criteria

We searched on PubMed up to August 2020 all studies and case reports on viral hepatitis reactivation during ICI treatment. The following search terms were used: "viral hepatitis", "ipilimumab", "nivolumab", "pembrolizumab", "durvalumab", "atezolizumab", "avelumab", cemiplimab", "immunotherapy", "immune check point inhibitor", "reactivation". No language restriction was applied. We focused on full-text articles, although relevant abstracts were considered. In addition, further studies were identified through the accurate evaluation of the reference lists of the assessed manuscripts. Finally, the studies were included in our review on the basis of originality and relevance.

Data from studies

A few clinical studies directly deal with the risk of HBV reactivation during ICI therapy.

Zhang et al. tried to assess the reactivation rate in a cohort study of 114 patients with positive HBs antigen (HBs-Ag) who received an anti-PD-1/PD-L1 antibody for cancer. They identified six patients (5.3%) developing HBV reactivation after the beginning of ICI, with a median onset of 18 weeks (range, 3-35 weeks). None of them died. The lack of antiviral prophylaxis appeared as the only significant risk factor for HBV reactivation (OR 17.50 [95% CI, 1.95-157.07], p =0 .004) [START_REF] Zhang | Hepatitis B virus reactivation in cancer patients with positive Hepatitis B surface antigen undergoing PD-1 inhibition[END_REF] .

Pu et al. [START_REF] Pu | Safety and efficacy of immune checkpoint inhibitors in patients with HBV/HCV infection and advanced-stage cancer: A systematic review[END_REF] , in their recent systematic literature review about ICI (PD1 or CTLA4 inhibitors) use in patients with advanced-stage cancer and previous HBV and/or HCV infection, gathered the data of 186 patients including 89 HBV and 98 HCV. A large proportion of their series came from studies on patients with hepatocellular carcinoma (HCC), especially the Check-Mate 040 trial assessing nivolumab in HCC patients [START_REF] El-Khoueiry | Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040): an open-label, non-comparative, phase 1/2 dose escalation and expansion trial[END_REF] . Three HBV patients (3.4%) and 17 HCV patients (17,3%) experienced grade 3 or 4 transaminases increase during ICI treatment.

No treatment related death was reported. Among the 89 HBV patients, 67 did not receive concomitant antiviral therapy, and most of them did not experience HBV-VL change during treatment, except two patients (2.8%) who experienced HBV-VL increasing, and seven (10.4%) who had HBV-VL decreasing. The authors finally concluded that ICIs were safe in HBV or HCV infected patients, but with possibilities of viral hepatitis reactivation and, therefore, they recommended close monitoring and, if needed, antiviral therapy before or during ICIs treatment 8 . Kothapalli et al. [START_REF] Kothapalli | Safety and efficacy of anti-PD-1 therapy for metastatic melanoma and non-small-cell lung cancer in patients with viral hepatitis: a case series[END_REF] described seven patients treated with PD-1 inhibitors (nivolumab and pembrolizumab) for metastatic melanoma or metastatic NSCLC having chronic or past HBV/HCV infection. One patient showed a grade 2 increase in ALT that returned to the normal range following treatment of his HCV infection with ledipasvir /sofosbuvir. Four patients showed a grade 1 ALT increase and two patients experienced no hepatic toxicity after a follow-up greater than 24 cycles (nivolumab). Based on their findings, the authors recommended to closely monitor patients with specialized consultations and to treat with antiviral therapy if necessary [START_REF] Kothapalli | Safety and efficacy of anti-PD-1 therapy for metastatic melanoma and non-small-cell lung cancer in patients with viral hepatitis: a case series[END_REF] .

In contrast, the study of Shah et al. [START_REF] Shah | Safety and efficacy of immune checkpoint inhibitors (ICIs) in cancer patients with HIV, hepatitis B, or hepatitis C viral infection[END_REF] , including 50 patients with chronic viral infection ( 16HIV, 29 HBV and/or HCV, and five patients with HIV and HBV or HCV) treated with PD(L)-1 inhibitors (alone or in combination with anti-CTLA4 or chemotherapy) for several types of neoplasia, reported no case of viral reinfection. Two patients developed grade 3 hepatitis, both with grade ≥ 2 hepatitis at baseline before ICI initiation. This led the authors to definitely support the inclusion of patients having chronic viral infections in ICI trials or treatments [START_REF] Shah | Safety and efficacy of immune checkpoint inhibitors (ICIs) in cancer patients with HIV, hepatitis B, or hepatitis C viral infection[END_REF] .

De Martin et al. [START_REF] De Martin | Characterization of liver injury induced by cancer immunotherapy using immune checkpoint inhibitors[END_REF] identified one patient with hepatitis E (HEV) among 19 patients with grade ≥3 hepatitis in a cohort of 536 patients treated with anti-PD-1/PD-L1 or CTLA-4 immunotherapies. The authors did not specify this case corresponded to HEV reactivation.

In a study assessing nivolumab use in patients with metastatic renal carcinoma, Tsifameyeu et al. compared 22 patients with chronic HCV infection to 22 non-infected patients and found longer overall survival (OS) and progression free survival (PFS) in the HCV group. They identified five patients with elevation of ALT/AST but no concomitant change in viral load.

In patients not receiving antiviral treatment, nivolumab had a non-significant impact on the viral charge (available in 14 patients; mean change 210 IU/mL, p=0.82), whereas patients treated with the combination of ledipasvir and sofosbuvir kept an undetectable viral load throughout nivolumab treatment [START_REF] Tsimafeyeu | Nivolumab in patients with metastatic renal cell carcinoma and chronic hepatitis C virus infection[END_REF] .

Real life evidence

Four case-reports of HBV reactivation during ICI treatment have been published so far (table 1) [START_REF] Pu | Safety and efficacy of immune checkpoint inhibitors in patients with HBV/HCV infection and advanced-stage cancer: A systematic review[END_REF][START_REF] Pandey | A Rare Case of Pembrolizumab-Induced Reactivation of Hepatitis B[END_REF][START_REF] Lake | Hepatitis B reactivation in a long-term nonprogressor due to nivolumab therapy[END_REF][START_REF] Koksal | HBV-related acute hepatitis due to immune checkpoint inhibitors in a patient with malignant melanoma[END_REF][START_REF] Ragunathan | Hepatitis B Reactivation After Administration of Pembrolizumab (KEYTRUDA): A Unique Case Report[END_REF] . Three were related to ICI targeting anti-PD1 (pembrolizumab or nivolumab) and one to ipilimumab (anti-CTLA4). Two patients had no documented HBV status before the start of ICI [START_REF] Pandey | A Rare Case of Pembrolizumab-Induced Reactivation of Hepatitis B[END_REF][START_REF] Ragunathan | Hepatitis B Reactivation After Administration of Pembrolizumab (KEYTRUDA): A Unique Case Report[END_REF] , and one patient experienced a seroconversion [START_REF] Lake | Hepatitis B reactivation in a long-term nonprogressor due to nivolumab therapy[END_REF] .Three patients recovered after antiviral treatment (tenofovir (TFV)) [START_REF] Pandey | A Rare Case of Pembrolizumab-Induced Reactivation of Hepatitis B[END_REF][START_REF] Lake | Hepatitis B reactivation in a long-term nonprogressor due to nivolumab therapy[END_REF][START_REF] Koksal | HBV-related acute hepatitis due to immune checkpoint inhibitors in a patient with malignant melanoma[END_REF] , whereas one patient only received corticosteroids, with an unspecified outcome [START_REF] Ragunathan | Hepatitis B Reactivation After Administration of Pembrolizumab (KEYTRUDA): A Unique Case Report[END_REF] .

For our part, we observed the case of a 67-y-old man (figure 1), ex-smoker with history of cholecystectomy, recently diagnosed with metastatic right superior lobe bronchial adenocarcinoma (PDL1 expression 80%). After partial response to four previous chemoradiation cycles, durvalumab was started (D0) and the first infusion (900 mg) was rapidly followed by a slight elevation of transaminases. The second infusion was postponed, then then cancelled on D21 when the patient was jaundiced with altered general physical state. Liver enzymes and bilirubin were highly increased and prothrombin rate (PR) decreased (factor V unavailable). Liver ultrasonography showed enlarged spleen, liver steatosis areas, with no portal and hepatic vein thrombosis, and non-dilated bile ducts. Viral serological tests and HBV-VL revealed HBV infection with high HBV-VL Hepatitis A, HCV, HEV and HIV antibodies were all negative, while EBV, CMV and HSV1/2 antibodies were consistent with past infections. Autoimmune antibodies were negative (anti-LKM < 40, anti-smooth muscles < 80, anti-mitochondria <40 and liver cytosol (LC1) <40). No liver biopsy was performed.

TFV (245 mg/day) was immediately started, and liver enzymes and HBV-VL significantly decreased. However, liver function worsened concomitantly to infected ascites related sepsis with acute renal failure requiring continuous hemodialysis. Despite antibiotherapy and intensive care, the patient died from severe multiorgan failure 40 days after the single durvalumab infusion. This observation is probably the first ICI-induced HBV reactivation with fatal outcome reported so far.

To summarize real life data, the five reported case show that a) all types of ICI can be involved (anti-CTLA-4, -PD1, -PD-L1), b) HBV status before ICI start is often lacking, and c) liver enzymes may rapidly increase after the first ICI infusion.

Discussion

Hepatotoxicity of ICIs is reported to occur in 2-30% of patients and is dominated by the risk of IMH, due to the disruption of self-tolerance. ICI-IMH, generally leads to mild elevation of liver enzymes, though it can rarely be associated with life threatening hepatic injury with absence of increased values of antibodies [START_REF] Jennings | Hepatotoxicity induced by immune checkpoint inhibitors: a comprehensive review including current and alternative management strategies[END_REF][START_REF] Lleo | Hepatotoxicity of immune check point inhibitors: Approach and management[END_REF] . Its management, including ICI discontinuation is adapted to the magnitude of liver damage [START_REF] Lleo | Hepatotoxicity of immune check point inhibitors: Approach and management[END_REF][START_REF] Lombardi | Review article: immune checkpoint inhibitors and the liver, from therapeutic efficacy to side effects[END_REF] and is based on corticosteroids, possibly at higher dose and shorter duration than commonly used in autoimmune hepatitis [START_REF] Riveiro-Barciela | Immune-related hepatitis related to checkpoint inhibitors: Clinical and prognostic factors[END_REF] , some patients possibly being steroid refractory [START_REF] Hsu | Workup and Management of Immune-Mediated Hepatobiliary Pancreatic Toxicities That Develop During Immune Checkpoint Inhibitor Treatment[END_REF] . Risk of hepatotoxicity increases when using multiple ICIs and in patients who develop other immune related adverse events. Other risk factors for hepatotoxicity include: underlying chronic liver disease, such as viral hepatitis, higher dosages of ICI, and anti-CTLA-4. Serial liver enzymes monitoring (at least monthly) is recommended and consultation with a liver specialist should be considered for any patient who develops grade 2 hepatotoxicity or greater. Permanent discontinuation of ICI therapy is recommended for grade ≥3 injury 2 . The lack of confirming biomarkers for the diagnosis of ICI-IMH highlights the need to exclude other causes of hepatitis prior to starting corticosteroids [START_REF] Riveiro-Barciela | Immune-related hepatitis related to checkpoint inhibitors: Clinical and prognostic factors[END_REF] .

Viral hepatitis infection or reactivation is precisely considered as one of the main exclusion criteria for ICI-IMH [START_REF] Lleo | Hepatotoxicity of immune check point inhibitors: Approach and management[END_REF][START_REF] Lleo | Hepatotoxicity of immune check point inhibitors: Approach and management[END_REF][START_REF] Lombardi | Review article: immune checkpoint inhibitors and the liver, from therapeutic efficacy to side effects[END_REF] . Viral hepatitis has a high prevalence with approximately 380 million of individuals infected by HBV or HCV worldwide [START_REF] Razavi-Shearer | Global prevalence, treatment, and prevention of hepatitis B virus infection in 2016: a modelling study[END_REF] , and patients with chronic viral infections such as HBV, HCV or HIV are at increased risk of developing malignancies [START_REF] Shah | Safety and efficacy of immune checkpoint inhibitors (ICIs) in cancer patients with HIV, hepatitis B, or hepatitis C viral infection[END_REF] .

HBV reactivation can be triggered by the administration of cancer chemotherapy or immunosuppressive/biologic therapies (e.g. rituximab and ofatumumab, doxorubicin, epirubicin, corticosteroids (high dose > 20 mg prednisone daily, or moderate dose 10-20 prednisone daily), tumor necrosis factor antagonists, tyrosine kinases, bortezomib) [START_REF] Lombardi | Review article: immune checkpoint inhibitors and the liver, from therapeutic efficacy to side effects[END_REF][START_REF] Smalls | Hepatitis B Virus Reactivation: Risk Factors and Current Management Strategies[END_REF] . A global assessment in patients with solid tumors showed a prevalence of HBV reactivation at 2.1% (95% CI, 0.3-3.9%), and highlighted low HBs antibody (HBs-Ab) titer (< 10 IU/mL) and a high average daily dexamethasone dose (>1.0 mg/day) as significant high-risk factors [START_REF] Kotake | Prevalence and risk factors of hepatitis B virus reactivation in patients with solid tumors with resolved HBV infection[END_REF] .

Considering the increasing prescription of ICIs, their use in patients with chronic viral infection may be common, even more if patients are treated for HCC, and even more so since combinations of ICIs and tyrosine kinase inhibitors are now proposed [START_REF] Lleo | Hepatotoxicity of immune check point inhibitors: Approach and management[END_REF][START_REF] Lombardi | Review article: immune checkpoint inhibitors and the liver, from therapeutic efficacy to side effects[END_REF] . Nivolumab and pembrolizumab received conditional approval by the US Food and Drug Administration (FDA) as second line treatment of HCC where the immunosuppressive milieu typical of progressive chronic liver disease profoundly modulates tumor growth by facilitating tumor evasion [START_REF] Lleo | Hepatotoxicity of immune check point inhibitors: Approach and management[END_REF][START_REF] Jenne | Immune surveillance by the liver[END_REF] . Therefore, the knowledge of prior HBV and HCV exposure and current serologic status and viral load at the start of treatment are essential for the diagnosis and management of ICI hepatotoxicity, regardless the type of cancer treated . Two cases reports [START_REF] Pandey | A Rare Case of Pembrolizumab-Induced Reactivation of Hepatitis B[END_REF][START_REF] Ragunathan | Hepatitis B Reactivation After Administration of Pembrolizumab (KEYTRUDA): A Unique Case Report[END_REF] and our observation illustrate the "real-life" absence of documented HBV status before the beginning of ICI treatment. Under this circumstance, glucocorticoid treatment can worsen viral hepatitis reactivation [START_REF] Pandey | A Rare Case of Pembrolizumab-Induced Reactivation of Hepatitis B[END_REF][START_REF] Ragunathan | Hepatitis B Reactivation After Administration of Pembrolizumab (KEYTRUDA): A Unique Case Report[END_REF] .

The mechanism by which ICI treatment may induce HBV reactivation remains unclear.

Patients with chronic HBV infection are characterized by a population of exhausted T-cells, which have weak virus-specific T-cell responses during chronic HBV infection, impeding the clearance of virus and recovery from hepatitis [START_REF] Ye | T-cell exhaustion in chronic hepatitis B infection: current knowledge and clinical significance[END_REF] . The beneficial role of ICI treatments in chronic HBV (and HCV) infection is precisely supported by their action of restoring exhausted T-cells function. The occurrence of HBV reactivation could, therefore, appear as a paradoxical effect and suggests that ICI treatments may disrupt the balance of chronic HBV infection and, in some conditions, lead to its reactivation rather than to a hypothetic improvement.

To prevent HBV reactivation in HBs-Ag positive patients, initiation of prophylactic antiviral treatment is recommended irrespective of baseline HBV-VL, and HBV VL should be monitored during ICI treatment and even after [START_REF] Zhang | Hepatitis B virus reactivation in cancer patients with positive Hepatitis B surface antigen undergoing PD-1 inhibition[END_REF] . If reactivation is diagnosed during ICI treatment, antiviral treatment (TFV) should be considered very rapidly [START_REF] Zhang | Hepatitis B virus reactivation in cancer patients with positive Hepatitis B surface antigen undergoing PD-1 inhibition[END_REF][START_REF] Lombardi | Review article: immune checkpoint inhibitors and the liver, from therapeutic efficacy to side effects[END_REF] .

Conclusion

The unawareness or the lack of monitoring of HBV status in cancer patients can be seriously deleterious during immunomodulating therapies, including ICI treatments. Scientific data now clearly highlight the need for checking HBV/HCV status before treatment and for considering treating latent infection before ICI initiation. This risk is clearly labeled in SmPC of ICIs, but clear guidelines are still awaited to definitely prevent this risk, as it is already done for other immunomodulating agents. 

Table 1 .

 1 Main characteristics of published cases of HBV reactivation during ICI treatmentFigure 1. Chronological sequence of the reported fatal case of HBV reactivation during durvalumab treatment.

	Ref Pat Disease	HBV status	ICI	Management Outcome	ICI after
				before ICI				
	12	M	Lung	Unk	PEMBRO	CTC then	Recovered	PEMBRO
		51	cancer			TFV	in 10	
							weeks	
	13	M	Lung	Undetectable NIVO	TFV	Recovered No
		72	cancer					
	14	M	Melanoma HBs positive IPILI (4	TFV	Recovered NIVOL
		56			cycles) then			
					NIVO			
	15	M	Lung	Unk	PEMBRO	CTC	unk	Unk
		51	carcinoma					
	Our	M	Lung	Unk	DURV	TFV	Fatal	
	case	67	cancer					
	CTC, corticosteroids ; DURV, durvalumab ; IPILI, ipilimumab; NIVO, nivolumab;	
	PEMBRO, pembrolizumab; TFV, tenofovir; UNK, unknown.